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OPG/RANKL/RANK 系统方面探讨二至丸治疗 PMOP 的可能作用机制。 
二、方法： 
1 实验动物分组、造模、模型鉴定、药物干预及取材   
在 170 只 6 月龄的 SPF 级雌性 SD 大鼠适应实验动物房环境的 3 天后，抽签
随机分成去势组 130 只与假手术组 40 只。取 2%戊巴比妥钠对实验大鼠作腹腔内
注射麻醉(40mg/kg)，在腹部正中部位作切口，去势组大鼠进行双侧卵巢结扎切
除术，假手术组只未进行卵巢结扎切除术，其他操作步骤均与假手术组相同。术
后 12 周，在去势组与假手术组中抽签随机各取 10 只大鼠做模型鉴定：麻醉之后
取右侧胫骨测定并比较骨密度，取右侧子宫测定并比较其内膜厚度。模型鉴定成
功后，将去势组抽签随机分成模型组、二至丸低剂量组，二至丸中剂量组和二至
丸高剂量组各 30 只。均于术后的第 13 周开始灌胃给药，二至丸低剂量组给予二
至丸 6g/(kg.d)，以生理盐水 2ml 溶解后灌胃；二至丸中剂量组给予二至丸
9g/(kg.d)，以生理盐水 2ml 溶解后灌胃；二至丸高剂量组给予二至丸 12g/(kg.d)，
以生理盐水 2ml 溶解后灌胃；模型组与假手术组均只以 2ml 生理盐水灌胃，1 次
/日，连续 12 周用药，实验大鼠均在相同的条件下自由饮食，用药剂量均在与人
体安全剂量范围对应的大鼠剂量范围内（约 0-12g/(kg.d)）。第 16、20、24 周
各组抽签随机取 10 只大鼠，腹主动脉取血并离心，将血清分装到 EP 管中，-80℃
冻存备测；取胫骨、腰椎，-80℃冻存备测。 
2、指标检测 
采用 ELISA 法测定血清 OPG、TRACP、BGP 与 RANKL 的含量。胫骨上端


















物力学最大载荷力，RT-PCR、Western blot 法测定血清和骨组织中 OPG、TRACP、
BGP 与 RANKL 基因及蛋白的表达水平。 
三、结果： 
1、去卵巢术后 16-24 周，同假手术组比较，模型组的骨密度、骨形态学和
骨生物力学指标均下降(p<0.05)，血清与骨组织中 RANKL、BGP 及 TRACP 的
mRNA 和蛋白均明显升高(p<0.05)，OPG 的表达降低(p<0.05)。随着术后时间的
延长，RANKL、BGP 及 TRACP 的增长幅度和 OPG 的降低幅度均有所减缓。 
2、去卵巢术后 16-24 周，同模型组比较，二至丸干预可明显提高去卵巢骨
质疏松大鼠骨密度(p<0.05)，增加骨小梁面积(p<0.05)，提升骨生物力学性能
(p<0.05)，上调去卵巢 SD 大鼠血清和骨组织 OPG 的 mRNA 和蛋白的表达
(p<0.05)，抑制 RANKL、BGP 及 TRACP 的 mRNA 和蛋白表达(p<0.05)。随着用
药浓度的增大和用药时间的延长，二至丸低中高剂量组血清和骨组织 OPG 的表
达逐渐增加，RANKL、BGP 及 TRACP 的表达逐渐降低。 
四、结论： 
    在与人体安全剂量范围对应的大鼠剂量范围内： 
1 二至丸可以提高去卵巢骨质疏松大鼠的骨密度、骨小梁面积与骨生物力学
性能。 
2 二至丸能调节去卵巢骨质疏松大鼠血清和骨组织 OPG、TRACP、BGP 与
RANKL 的异常表达，上调血清和骨组织中 OPG 的基因和蛋白表达，提高成骨
细胞功能和骨形成，降低血清和骨组织 RANKL 的基因和蛋白表达，减弱破骨细























The main objective of this research was to specify the concern between 
osteoporosis of ovariectomized SD rats and the OPG/RANKL/RANK system, and 
discover the mechanism of Er-Zhi-Wan defending the postmenopausal osteoporosis 
from the perspective of the OPG/RANKL/RANK system. 
2. Methods 
2.1 Experimental animal group, building model, model identification, drug 
intervention and drawing materials  
The amount of six months old healthy SPF female rats was 170, respectively. After 
feeding 3 days, the female rats were randomly devided into two groups: the 
ovariectomized group(n=130) and the sham operation group(n=40).All the 
experimental rats were anesthetized by inTRACPeritoneal injection of 2% sodium 
pentobarbital (40mg/kg), were taken the middle abdominal incision. All the 
experimental rats underwent bilateral ovariectomy ,excepte the sham operation group, 
the rest of steps were same in both groups. After 12 weeks of the surgery,10 rats of 
each group were randomly selected to do the model identification. The right hind 
proximal tibia of each rats were done the detection of bone mineral density and the 
right uterus was taken to do the detection of uterine endometrium thickness after 
anesthesia to identify the establishment of the model.After success of the model,the 
ovariectomized group was devided into 4 groups: the model group, the low-dose 
Er-Zhi-Wan group,the moderate-dose Er-Zhi-Wan group, and the high-dose 
Er-Zhi-Wan group, with 30 rats in each group.From the 13th week, the low-dose 
Er-Zhi-Wan group was given 6g/(kg.d) Er-Zhi-Wan lavage,which was dissolved by 
2ml normal saline.The moderate-dose Er-Zhi-Wan group was given 9g/(kg.d) 
Er-Zhi-Wan lavage,which was dissolved by 2ml normal saline. The high-dose 

















The model group and the ovariectomized group were both given 2ml normal saline, 1 
time per day,12 weeks of dose. All the experimental rats were raised and drank water 
freely in the same conditions. After lavage, In the 16th, 20th, 24th week,ten rans were 
selected randomly from each group,the blood was drawn  from abdominal aorta and 
putted into EP tubes respectively and -80℃ cryopreserved for measurement. The tibia 
and the lumbar spine were drawn,meanwhile,and -80℃ cryopreserved for 
measurement. 
2.2 Indexes detection 
The purity of OPG、RANKL、TRACP and BGP in the serum was determined by 
the experimental method of ELISA. The tibia, the lumbar spine and the uterus were 
made paraffin setions and HE staining, the bone trabecula area of them were 
measured by Motic Med 6.0 digital medical image analysis system.BMD of the rats 
was determined by Dual energy X ray bone sonometers. Biomechanical testing of the 
right tibia was performed through the Three-point bending experiment. The protein 
and gene expression levels of OPG、RANKL、TRACP and BGP of tibia and the 
lumbar spine were determined by Western blot and Real time PCR. 
 3. Results  
3.1 After oophorectomy, compared with the sham operation group, the bone 
mineral density, the bone morphology and the bone biomechanical indexes of the 
model group lasted to go down from 16th week and 24th week(p<0.05).The protein 
and gene expression levels of RANKL、TRACP and BGP in the serum and the lumbar 
spine are both increasing(p<0.05)， but the OPG are decreasing at the same 
time(p<0.05). As the time gone by,the amplification of the RANKL、TRACP and BGP 
was slowing down, the decreases in the OPG was also slowing down. 
3.2 Compared with the model group,the Er-Zhi-Wan could elevate the bone 
mineral density and the bone trabecula area and the bone biomechanical 
properties(p<0.05). The protein and gene expression levels of OPG in the serum and 
the lumbar spine are both increasing(p<0.05)，but the RANKL、TRACP and BGP are 
decreasing at the same time(p<0.05). As the medication time gone by and the increase 

















the lumbar spine are both increasing，and the RANKL、TRACP and BGP are 
decreasing at the same time 
4. Conclusion 
During the dose range of rats corresponding to the safe dose range of the human: 
4.1 Er-Zhi-Wan could lift the bone mineral density and the bone trabecula area 
and the bone biomechanical properties of osteoporosis of ovariectomized model rats . 
4.2 Er-Zhi-Wan could regulate the abnormal expression of the protein and gene 
expression levels of OPG、BGP、RANKL and TRACP in the serum and the lumbar 
spine. Er-Zhi-Wan could promote the protein and gene expression level of OPG in the 
serum and the lumbar spine, improve the function of osteoblasts and bone formation, 
bring down the protein and gene expression level of RANKL in the serum and the 
lumbar spine and the function of osteoclast and the bone absorption, debase the 
protein and gene expression level of TRACP and BGP in the serum and the lumbar 
spine and bone metabolic activity. Er-Zhi-Wan can achieve the purpose of prevention 
and cure of the ovariectomized osteoporosis. 
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绝经后骨质疏松（postmenopausal osteoporosis,PMOP）多发生于 50-70 岁绝
经后女性，为最常见的 OP 类型，由于绝经后，女性内源性雌激素分泌不足，破
骨细胞活性增加，导致骨吸收超过骨形成，主要表现为骨代谢高转换率增高[1]
据研究统计，中国大陆地区有近 13.3 亿多人口，其中 40 岁以上（含 40 岁）人
群中约五分之一患有 OP，约 2.6 亿以上人口患有不同程度的 OP，60 岁以上的人
群发病率高达 50%，且女性发病率均高过同年龄段男性，比例近乎 2：1，发病





































结合并传递信号[5,15]。NF-κB 受体活化因子(Receptor Activator of NF-κB, RANK)
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